Introduction
As part of the ongoing BIPM key comparison BIPM.EM-K11.b, a comparison of the 10 V voltage reference standards of the BIPM and the National Standards Authority of IrelandNational Metrology Laboratory (NSAI -NML), Dublin, Ireland, was carried out in January and February 2016. Two BIPM Zener diode-based travelling standards (Fluke 732B), BIPM_7 (Z7) and BIPM_9 (Z9), were transported by freight to NSAI-NML. At NSAI-NML, the reference standard for DC voltage at the 10 V level consists of a group of characterized Zener diodebased electronic voltage standards. The output EMF (Electromotive Force) of each travelling standard was measured by direct comparison with the group standard. At the BIPM the travelling standards were calibrated, before and after the measurements at NSAI-NML, with the Josephson Voltage Standard. Results of all measurements were corrected for the dependence of the output voltages of the Zener standards on internal temperature and ambient atmospheric pressure.
Outline of the measuring method NSAI-NML 10 V measurements
The EMF at the 10 V output terminals of the travelling standard is connected in series opposition to each individual member of the NSAI-NML group standard in turn, using a low thermal EMF scanner. The EMF differences are measured using a digital nanovoltmeter. The measured voltage differences, together with the predicted values of the NSAI-NML standards are subjected to a weighted least squares adjustment procedure in order to arrive at the best estimate of the unknown EMF.
The travelling standard is isolated from the mains supply during the measurements. The "GUARD" and "CHASSIS" terminals are jointly connected to a common ground point. The internal thermistor resistance is monitored during the measurements.
BIPM 10 V measurements
The output voltage of the Zener standard to be measured is connected to the BIPM Josephson Voltage Standard (in series opposition with the BIPM array of Josephson junctions) through a low thermal EMF switch. The binding post terminals "GUARD" and "CHASSIS" of the Zener standard are connected together and to a single point which serves as the grounding reference point of the measurement setup.
The measurements start after at least two hours since the mains plug at the rear of the Zeners has been disconnected.
The BIPM detector consists of an EM model N1a analog nanovoltmeter whose output is connected, via an optically-coupled isolation amplifier, to a pen recorder and a digital voltmeter (DVM) which is connected to a computer. This computer is used to monitor measurements, acquire data and calculate results. Low thermal electromotive force switches are used for critical switching, such as polarity reversal of the detector input.
After the BIPM array biasing frequency has been adjusted to a value where the voltage difference between the primary and the secondary voltage standards at nominally 10 V is below 1 µV, the nanovoltmeter is set to its 10 µV range to perform measurements. The measurement sequence can then be carried out. One individual measurement point is acquired according to the following procedure:
1-Positive array polarity and reverse position of the detector; Each "Data Acquisition" step consists of 30 preliminary points followed by 500 measurement points. Each of these should not differ from the mean of the preliminary points by more than twice their standard deviation; if so, the software warns the operator with a beep. If too many beeps occur, the operator can start the "Data Acquisition" sequence over. The "Data Acquisition" sequence lasts 25 s. The total measurement time (including polarity reversals and data acquisition) is approximately 5 minutes.
This procedure is repeated three times and the mean value corresponds to one result on the graph (Cf. Fig. 1 ). Figure 1 shows the measured values obtained for the two standards by the two laboratories at 10 V. Figure 2 presents the voltage evolution of the simple mean of the two standards.
Results at 10 V
A linear least squares fit is applied to the results of the BIPM to obtain the results for both standards and their uncertainties at the mean date of the NSAI-NML measurements (2016/01/31). In estimating the uncertainty related to the stability of the standards during transportation, we have calculated the "a priori" uncertainty of the mean of the results obtained for the two standards (also called statistical internal consistency). It consists of the quadratic combination of the uncorrelated uncertainties of each result. We compared this component to the "a posteriori" uncertainty (also called statistical external consistency) which consists of the experimental standard deviation of the mean of the results from the two traveling standards * . If the "a posteriori" uncertainty is significantly larger than the "a priori" uncertainty, we assume that a standard has changed in an unusual way and we use the larger of these two estimates in calculating the final uncertainty.
In Table 1 , the following elements are listed:
(1) the value attributed by NSAI-NML to each Zener U NML , computed as the simple mean of all data from NSAI-NML; The larger of those two components will be considered as the transfer uncertainty.
(13) the correlated part of the uncertainty and (14) the total uncertainty of the comparison, which is the root sum square of the correlated part of the uncertainty and of (11). Table 2 summarizes the uncertainties related to the calibration of a Zener diode against the Josephson array voltage standard at the BIPM. Table 3 lists the uncertainties related to the calibration of a Zener at the NSAI-NML. Note that the uncertainty of the temperature (3) and pressure (4) corrections are given as an indication and do not appear in the final uncertainty budget as they are included separately in the comparison uncertainty budget ( Table 1 ).
The comparison result is presented as the difference between the value assigned to a 10 V standard by NSAI-NML, at NSAI-NML, U NML , and that assigned by the BIPM, at the BIPM, U BIPM , which for the reference date is: In order to maintain the best level of uncertainty achievable in bilateral comparisons using
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Zener-based secondary voltage standards, we are currently reevaluating the temperature sensitivity coefficient of the BIPM travelling standards involved in BIPM.EM-K11 [3] .
In the following, we present the effect on the results of applying the newly determined temperature coefficients of the travelling standards which are given in Table A1 .
It is important to note that the new temperature correction coefficients are not officially implemented for the current comparison and also that the output voltages are corrected for atmospheric pressure changes using the sensitivity coefficients determined in 2002. 
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The voltage output evolution as a function of the time is presented on Figure A1 . The implementation of the correction coefficients lead to an unofficial comparison result which is presented on Figure A2 . We note that the voltage changes resulting from the modified correction coefficient are principally a nearly constant offset.
The reason is that the amplitude of the correction is mostly due to the difference between the the value of the inner thermistor when the temperature is maintained at t= 23°C. This aspect is pointed out by the manufacturer [4] .
Applying the new temperature correction coefficients, the comparison result would be: ) in the official result.
The uncertainty component on the voltage due to the dependence of the standard on temperature and pressure changes is reduced from 7 nV to close to 0 nV. This is a direct consequence of the technical improvement of the measurement setup implemented for the redetermination of the temperature sensitivity coefficients [3] .
Furthermore, if we consider only the changes in the temperature correction:
The "old" Temperature correction for Z7 is C old = -0.8 nV;
The "new" temperature correction for Z7 is C new = 18.1 nV.
The "old" Temperature correction for Z9 is C old = -16.2 nV;
The "new" temperature correction for Z9 is C new = -0.7 nV.
The effect of using "new" temperature coefficients would therefore only cause a change of 1 nV in the temperature correction applied to the mean result.
